Cl 2 NO, (2), are the 3-hydroxybenzylidene and 2-chlorobenzylidene derivatives, respectively, of curcumin [systematic name: (1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione]. The dihedral angles between the benzene rings in each compound are 21.07 (6) for (1) and 13.4 (3) for (2). In both compounds, the piperidinone rings adopt a sofa confirmation and the methyl group attached to the N atom is in an equatorial position. In the crystal of (1), two pairs of O-HÁ Á ÁN and O-HÁ Á ÁO hydrogen bonds link the molecules, forming chains along [101]. The chains are linked via C-HÁ Á ÁO hydrogen bonds, forming undulating sheets parallel to the ac plane. In the crystal of (2), molecules are linked by weak C-HÁ Á ÁCl hydrogen bonds, forming chains along the [204] direction. The chains are linked along the a-axis direction by -interactions [inter-centroid distance = 3.779 (4) Å ]. For compound (2), the crystal studied was a non-merohedral twin with the refined ratio of the twin components being 0.116 (6):0.886 (6).
Chemical context
Curcumin (diferuloylmethane) is a naturally occurring biologically active compound, isolated from the root of the tumeric plant (Curcuma longa) (Dandia et al., 2012) . It has been shown to exhibit anti-oxidant (Rostom et al., 2009) , anti-inflammatory (Suzuki et al., 2005) , antiviral (Kumar et al., 2007) and antibacterial (Bandgar et al., 2012) activities, and thus has potential against various malignant cancers, diabetes, allergies, arthritis and other chronic illnesses (Yadav et al., 2010; Reddy et al., 2009; Aggarwal et al., 2003; Insuasty et al., 2013; Wu et al., 2013) . For the purpose of finding new derivatives with increased systemic bioavailability and enhanced pharmacological activity (Zhao et al., 2010) , chemical modifications as well as the synthesis of curcumin analogues have been attempted by many research groups in order to find a better treatment for various diseases (Siddiqui et al., 2006; Gregory et al., 2013) . Analogous compounds to (E)-3,5-bis(benzylidene)-4-piperidones present noteworthy cytotoxic activity against leukemia cell lines and colon cancer, among others (Gregory et al., 2013) . Different substituents were designed to investigate and discuss the structure-activity relationship (Insuasty et al., 2013) . Herein, we report on the synthesis, characterization and crystal structures of two mono-carbonyl analogues of curcumin, namely N-methyl-(3E,5E)-3,5-bis(3-hydroxy- ISSN 2056-9890 benzylidene)-4-piperidone (1) and N-methyl-(3E,5E)-3,5-bis(2-chlorobenzylidene)-4-piperidone (2).
Structural commentary
The molecular structures of compounds (1) and (2) are shown in Figs. 1 and 2, respectively. Compound (1) crystallized in the triclinic space group P1 (Z = 2), while compound (2) crystallized in the monoclinic space group P2 1 /n (Z = 4).
The benzene rings (C1-C6 and C14-C19) are inclined to one another by 21.07 (6) in (1) and by 13.4 (3) in (2). Both compounds exhibit E conformations about the C7 C8 and C13 C10 bonds. In both compounds, the piperidinone ring (N1/C8-C12) adopts a sofa conformation with atom N1 displaced from the mean plane through the five C atoms (C8-C12) by 0.7052 (10) Å in (1) and 0.705 (5) Å in (2). The puckering parameters for the piperidinone ring conformation in (1) are Q = 0.5280 (12) Å , = 55.17 (14) and ' = 353.08 (17) , while for (2) they are Q = 0.526 (6) Å , = 126.1 (7) and ' = 182.8 (8) . In both compounds the methyl group attached to atom N1 is in an equatorial position on the piperidinone ring.
Supramolecular features
In the crystal of compound (1), molecules are linked via pairs of O-HÁ Á ÁN hydrogen bonds, forming inversion dimers enclosing an R 2 2 (18) ring motif (Table 1 and The molecular structure of compound (1), showing 50% probability displacement ellipsoids and the atom labelling.
Figure 2
The molecular structure of compound (2), showing 50% probability displacement ellipsoids and the atom labelling. An inversion dimer found in compound (1), formed by O-HÁ Á ÁN hydrogen bonds (dashed lines; see Table 1 ).
Figure 4
Inversion dimers found in compound (1), formed by O-HÁ Á ÁO and C-HÁ Á ÁN hydrogen bonds (dashed lines; see Table 1 ). (Table 1 and Fig. 4) . The chains are linked via pairs of C-HÁ Á ÁO hydrogen bonds (Table 1 and Fig. 4) , forming undulating sheets lying parallel to the ac plane (Fig. 5) .
In the crystal of compound (2), molecules are linked by a weak C4-H4AÁ Á ÁCl2 i hydrogen bond, forming zigzag chains along [204] (Table 2 and Fig. 6 ). The chains are linked along the a-axis direction by -interactions [Cg2Á Á ÁCg3 i = 3.779 (4) Å , where Cg2 and Cg3 are the centroids of rings C1-C6 and C14-C19, respectively; symmetry code: (i) À x + 1, Ày, Àz].
Database survey
A search of the Cambridge Structural Database (CSD, Version 5.36, last update February 2015; Groom & Allen, 2014) of substructure (3E,5E)-3,5-dibenzylidene-1-methylpiperidin-4-one gave 49 hits. One compound, 3,5-bis(4-chlorobenzylidene)-1-methylpiperidin-4-one, is the 4-chlorobenzylidene isomer of compound (2) (UNOXOL; Nesterov et al., 2011) . Here, the benzene rings are inclined to one another by 7.58 (8) , compared to 21.07 (6) in (1) and 13.4 (3) in (2). The piperidinone ring also adopts a sofa conformation with the N atom displaced from the mean plane of the five C atoms by 0.7714 (15) Å , compared to 0.7052 (10) Å in (1) and 0.705 (5) Å in (2).
Synthesis and crystallization
Both compounds were synthesized according to a partially modified procedure of a previous report (Gregory et al., 2013) .
Compound (1):
The corresponding N-methyl-4-piperidone (0.99 g, 0.01 mol), 3-hydroxybenzaldehyde (2.23 g, 0.02 mol), 40% aq. NaOH (0.7 ml) and 95% EtOH (5 ml) were mixed with stirring at room temperature for 30 min. The reaction mixture was subjected to microwave irradiation for 3 min at a power of 180 W and temperature of 333 K. The reaction product was cooled and cold water was added. The precipitate formed was filtered and recrystallized from a mixture of n-hexane-ethyl acetate to afford dark yellowish crystals of compound (1) Compound (2): The corresponding N-methyl-4-piperidone (0.98 g, 0.01 mol), 2-chlorobenzaldehyde (2.20 g, 0.02 mol), 40% aq. NaOH (0.7 ml) and 95% EtOH (5 ml) was stirred at room temperature for 30 min. The reaction mixture was subjected to microwave irradiation for 3 min at a power of 180 W and temperature of 333 K. The reaction product was cooled and cold water was added. The precipitate formed was filtered and recrystallized from a mixture of n-hexane-ethyl acetate to afford yellowish crystals of compound (2) (yield: 3.8 g, 38.4%; m.p. 408-410 K). R f = 0.60 (CH 2 Cl 2 :MeOH = 9.5:0.5). UV (MeOH) max : 309 nm (" 4,400 Table 2 Hydrogen-bond geometry (Å , ) for (2).
Symmetry code:
Figure 5 The crystal packing of compound (1), viewed along the a axis. Dashed lines indicate hydrogen bonds (see Table 1 ). H atoms not involved in the hydrogen bonding have been omitted for clarity.
Figure 6
A view along the a axis of the crystal packing of compound (2), showing a zigzag chain formed by weak C-HÁ Á ÁCl hydrogen bonds (dashed lines; see Table 2 ). H atoms not involved in the hydrogen bonding have been omitted for clarity. Table 1 Hydrogen-bond geometry (Å , ) for (1). 
dd, J = 8.0, 1.5 Hz), 7.30 (2H, d, J = 7.5 Hz), 7.24 (2H, dd, J = 7.5, 1.5 Hz), 3.61 (4H, s), 2.37 (3H, s).
13 C NMR (125 MHz, CDCl3): (p.p.m.) 186. 1, 135.2, 134.3, 134.0, 133.6, 130.3, 130.0, 129.9, 126.4, 56.7, 45.5 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . The O-bound H atoms were located in difference Fourier maps and freely refined. The remaining H atoms were positioned geometrically and refined using a riding model: C-H = 0.95-0.99 Å with U iso (H) = 1.5U eq (C-methyl) and 1.2U eq (C) for other H atoms. A rotating group model was applied to the methyl groups. For compound (2) the crystal studied was a non-merohedral twin with a ratio of the twin components of 0.116 (6):0.886 (6). 
Computing details
For both compounds, data collection: APEX2 (Bruker, 2009 ); cell refinement: SAINT (Bruker, 2009 ); data reduction:
SAINT (Bruker, 2009 ); program(s) used to solve structure: SHELXS (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) , PLATON (Spek, 2009) and publCIF (Westrip, 2010) . 
